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The present invention relates to a process of preparation of a 
cyclopentanetetracarboxylic acid in the form of its isomer whose melting point is about 
158°C. 

This isomer allows the preparation of alkyd resins, which are soluble in water and 
stable in this medium, and intended to provide paints by electrodeposition. 
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Various processes of preparation of the cyclopentanetetracarboxylic acid by 
oxidation of 5-norbornene-2,3-dicarboxylic anhydride or bicyclo[2,2,1]5-heptene-2, 
3-dicarboxylic anhydride with nitric acid are known. These processes produce either a 
cis-isomer melting at 194-195°C, or a mixture of various isomers, some of which, in 
particular the one mentioned above, could not be isolated from the mixture. 

The applicant further described, in French patent application No. PV 6941 .684 
titled "cyclopentanetetracarboxylic acid", filed on December 3, 1969, a process permits 
to obtain an isomer whose melting is at about 158°C (between 156 and 160°C) and 
whose tetra-methyl ester has the infrared absorption spectrum having characteristic 
bands at wavelengths of 9,60-9,75-9,90-10,37-10,55-11,20-12,03 and 14,50 microns, 
by oxidation of the anhydride mentioned above with nitric acid. This process, which 
uses as a starting material a mixture of exo- and endo-isomers of this anhydride, has 
such a disadvantage that it requires a very long reaction time (more than 20 hours) and 
has a relatively low yield (in the order of 82%). 

The process achieved by the invention allows, in a clearly shorter time than that 
for the process mentioned above, to obtain a desired isomer with a high yield (in the 
order of 96%). 

An object of the invention is to provide a process of preparation of 
5-norbornene-2,3-dicarboxylic anhydride by oxidation of a cyclopentanetetracarboxylic 
acid using nitric acid at a ponderable concentration of 50 to 70% by weight in a reaction 
medium, the nitric acid being taken in a molar ratio to the anhydride between 8 and 18 
and the duration of the reaction being between 2 and 5 hours, characterized in that the 
5-norbornene-2, 3-dicarboxylic anhydride subjected to oxidation is an exo-isomer in 
order to obtain an isomer of 5-norbornene-2,3-dicarboxylic anhydride that melts at about 
158°C. 

The exo-5-norbornene-2,3-dicarboxylic anhydride used in this process is obtained 
by successive crystallizations of the filtrate of a mixture of exo- and endo-isomers 
partially dissolved in benzene. 

A small quantity of this exo-isomer is heated at between 60 and 70°C in an 
excess amount of nitric acid at a ponderable concentration close to 60% by weight 
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(between 55 and 65%) with agitation. After reddish vapor of N 2 0 4 appears, 
considerably pure (more than 97% in weight) organic anhydride and nitric acid are 
added continuously or in small quantities to maintain the ponderable concentration of 
this acid in the reaction medium between 50 and 70% by weight. This medium is 
maintained at a temperature in the same range with agitation for a time. 

It was found that the optimum yields were obtained by performing the whole 
operation at about 60°C (between 56 and 64°C), maintaining the ponderable 
concentration of nitric acid at about 60% by weight, and using the ratio of nitric acid to 
organic anhydride between 10 and 16 and a total duration of the operation of 3 to 4 
hours. A catalyst such as ammonium vanadate can be used. 

The reaction medium is cooled to allow crystallization of the organic acid 
produced. After a series of filiations, the solutions are reconcentrated and the acid is 
recrystallized. All the precipitates are redissolved several times and recrystallized in 
water. The final solutions can be recycled. 

Light yellowish white crystals are also obtained. A purity of the desired isomer 
can be higher than 99%. 

The process of the invention will be described more in detail below referring to 
Example; the conditions observed in this study are not restrictive. 
EXAMPLE 

135 grams of nitric acid at 63% by weight, to which 1 gram of 
exo-5-norbornene-2,3-dicarboxylic anhydride is added, are heated at 65°C in a 1 liter 
borosilicate glass balloon flask equipped with a shaker, a reflux cooler, a tubule for 
introduction of reagents and a thermocouple connected to a temperature regulator 
controlling the heating of the balloon flask. After 5 minutes at this temperature, reddish 
vapor appears, indicating the start of the reaction. In 1 hour, 74 grams of organic 
anhydride and 450 grams of nitric acid at 93.5% by weight are then added in small 
portions, while cooling in a water bath at 15-50°C. Samples of the reaction medium 
are periodically taken to determine the quantities of nitric acid to be added. The 
quantities of organic anhydride are added 5 to 8 grams at each introduction. 
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After introduction of all the reagents, the temperature is maintained at 60°C for 
1.5 hour. 

The chromatographic analysis indicates that the yield is 96%. 

The reaction medium is concentrated from 527 to 120 grams, then after cooling, a 
few crystals of the desired isomer are added to start crystallization. 

Crystals are separated from a filtrate by filtration and the filtrate can be recycled 
or subjected to further concentration. 

Four successive crystallizations in water of the crystals separated at a 
ponderable concentration of 60 to 70% by weight allow to obtain light yellowish crystals 
that is revealed by analyses to have parity of 99% and melting point close to 158°C. 
The tetramethylic ester obtained with the aid of diazomethane is revealed to exhibit in 
the infrared the lines indicated above. Dehydration of the isomer obtained gives only 
one monoanhydride (melting at 210°C). 

The crystals obtained are added to a partially esterified alkyd resin, still 
containing free hydroxyl groups, to obtain water-soluble resins, which are stable in this 
medium and can be electrodeposited; the color of the pigments chosen is not modified 
in the paint of by the resin. 

In the limits precis by described above, variations with respect to the conditions 
that were determined as optimal decrease the yield by a few "percents" or, its purity in a 
lesser degree. 

The same process is applied to an endo-isomer and to a mixture of 50/50 of the 
endo- and exo-isomers in the conditions of the present Example provides 90% and 85% 
of the cis-isomer, respectively, and the residual is a mixture of different other isomers in 
various proportions whose separation could not be done. 
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CLAIMS 

1) A process of preparation of cyclopentanetetracarboxylic acid by oxidation of 
5-norbornene-2,3-dicarboxylic acid with the aid of nitric acid at a ponderable 
concentration of 50 to 70% by weight in a reaction medium, the acid being taken in a 
molar ratio to the anhydride between 8 and 18 and a duration of the reaction being 
between 2 and 5 hours, characterized in that the anhydride subjected to oxidation is an 
exo-isomer in order to obtain an isomer of cyclopentanetetracarboxylic acid that melts at 
about 158°C. 

2) The process of preparation of cyclopentanetetracarboxylic acid according to claim 1, 
characterized in that the temperature of the reaction medium is between 60 and 70°C at 
the beginning of the reaction and then maintained at about 60°C. 

3) The process of preparation of cyclopentanetetracarboxylic acid according to claim 1 , 
characterized in that the molar ratio of nitric acid to 5-norbornene-2,3-dicarboxylic 
anhydride is fixed between 10 and 16. 

4) The process of preparation of cyclopentanetetracarboxylic acid according to claim 1, 
characterized in that the 5-norbornene-2,3-dicarboxylic anhydride contains more than 
97% of an exo-isomer. 
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La present e invention concerne un procede de preparation de 
l'acide cyclopentanetetracarboxylique sous La forme de son isom^re 
dont le point de fusion est de 158 °C environ. 

Get isomkre permet la preparation de resines alkydes solu- 
5 bles dans i'eau, et stables dans ce milieu, destinees £L l'obten- 
tion de laques par eiectrodeposition. 

On connait diff brents procedes de preparation de l'acide 
cyclopentanetetracarboxylique par oxydation nitrique de 1' anhy- 
dride norbornene-5 dicarboxylique-2 ,3 ou anhydride bicyclo£2 ,2 ,l/ 

10 heptene-5 dicarboxylique-2 ,3 . Ces procedes produisent soit I'iso- 
mere tout cis fondant k 194-195 °C, soit un melange de divers iso- 
meres dont certains, et en particulier celui mentionne ci-dessus , 
n'ont pu etre isoles du melange. 

La demanderesse a deer it par ailleurs dans la deinande de 

15 brevet frangais depos£e le 3 deceaibre 1969 avec le n* PV 6941*684 
et ayant pour titre "acide cyclopentanetetracarboxylique", un 
procede permettant d'obtenir 1' isomer e fondant X I58°C environ 
(entre 156 et I60°0 et dont le tetraestermethylique a dans 1 ■ in- 
frarouge un spectre d f absorbtion coniprenant les bandes caracte- 

20 ristiques de longueur d'onde 9,60-9,75-9,90-10,37-10,55-11,20- 
12,03 et 14, 50 microns, par oxydation nitrique de 1' anhydride 
mentionne ci-dessus. Ce procede qui utilise comme produit de de- 
part un melange des isomeres exo et endo de cet anhydride a l f in- 
convenient de necessiter un te;aps de reaction tres long (plus de 

25 20 heures) et de ne donner qu'un rendement relativement faible 
(de i'ordre de 82 %) . 

Le procede perfectionne selon l f invention permet, en un 
temps nettement plus court que celui necessite par le proc£de 
mentionne ci-dessus, d'obtenir I'isomere desire avec un rendement 

30 eieve (de I'ordre de 96 %) • 

L'objet de l f invention est un procede de preparation de l'a- 
cide cyclopentanetetracarboxylique par oxydation, k 1'aide d' acide 
nitrique une concentration pondei'ale dans le milieu reactionnei 
de 50 k 70 %, de l'anhydride norbornene-5 dicarboxylique-2 ,3 , 

35 l'acide nitrique etant pris dans un rapport riioiaire sur 1' anhydri- 
de compris entre 8 et 18 et la duree de la reaction etant com- 
prise entre 2 et 5 heures, caracterise en ce que, en vue d'obte- 
nir i'isomere de l'acide cyclopentanetetracarboxylique fondant k 
I5b*C environ ,1 1 anhydride norbornene-5 dicarboxylique-2 ,3 soumis 

40 k 1' oxydation est I'isomere exo. 
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L ' anhydride exo-norbornene-5 dicarboxylique-2 ,3 mis en oeu- 
vre dans ce proc£de est obtenu par cristallisations successives 
du filtrat d f un melange des isom&res exo et endo partieiiement 
dissous dans le benzene. 
5 Une petite quantity de cet isom^re exo est chauffee sous 

agitation entre 60 et 70°C dans un exces d'acide nitrique k une 
concentration ponderale voisine de 60 % (entre 55 et 65 %) . Apr&s 
apparition des vapeurs rousses de N 2 0 4 on ajoute en continu, ou 
par petites quantity , l'anhydride organique sensibiement pur 
IO (plus de 97 % en poids) et 1 'acide nitrique de facon k maintenir 
entre 50 et 70 % la concentration ponderale de cet acide dans le 
milieu react ionnei. Ce milieu est iiiaintenu sous agitation un cer- 
tain temps dans la m€me zone de temperature, 

II s'est av6r£ que ies rendements optimum etaient obtenus en 
15 effectuant I 'ensemble de 1' operation k 60°C environ (entre 56 et 
64°C) et en maintenant la concentration ponderale de l'acide ni- 
trique k 60 % environ, le rapport acide nitrique sur l f anhydride 
organique etant compris entre IO et 16, pour une dur6e totale de 
1' operation de 3 k 4 heures . Un cataiyseur tel que le vanadate 
20 d' ammonium peut §tre utilise. 

Le milieu r^actionnel est ref roidi , pour permettre la crys- 
tallisation de 1' acide organique produit . Apr6s une s^rie de fil- 
iations les solutions sont reeoncentr^es et l'acide recristal- 
lis£. L' ensemble des pr6cipit<§s est redissous plusieurs fois et 
25 recristallise dans l'eau. Les solutions finales peuvent §tre re- 
cycles. 

On obtient aussi des cristaux blancs legerement jaunStres. 
Une purete de i ■ isomfere recherche superieure k 99 % peut etre at- 
teinte . 

30 Le proc£d£ de 1' invention est decrit plus en detail ci-des- 

sous dans un exemple , les conditions respectees dans cet essai 
n' etant pas limitatives. 
EXEMPLE 

On chauffe k 65 *C dans un ballon de I 1, en verre borosili- 
35 cate, pourvu d'un agitateur, d'un refrigerant k reflux, d'une 
tubulure pour 1 f introduction des react if s et d'un thermocouple 
relie k un regulateur de temperature commandant le chauffage du 
ballon, 135 grammes d f acide nitrique k 63 % en poids auxquels est 
ajoute I gramme d* anhydride exo-norbornene-5 dicarboxylique-2 ,3- 
4 q Apr£s cinq minutes a. cette temperature, on voit apparaitre des 
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vapeurs rousses indiquant le debut de la reaction. En I heure , on 
ajoute alors par petites portions 74 grammes d'annydride organi- 
que et -150 grammes d'acide nitrique a 93,5 % en poids tout en re- 
froidissant par un bain d'eau k 45-50 0 C. Des pr<§levements perio- 
5 diques du milieu reactionnei permettent de determiner les quanti- 
tes d'acide nitrique k ajouter. Les quantites a'anhydride organ!- 
que ajout^es sont de 5 k 8 grammes k chaque introduction. 

Apres introduction totale des reactifs la temperature est 
maintenue k 60 °C pendant I heure 30. 
IO Une analyse chroma togr a phique indique un rendemeat de 96 %. 

Le milieu reactionnei est concentre de 527 a 120 grammes puis 
apres ref roidissement la cristailisation est amorcee par addition 
de quelques cristaux de l'isomere recherche. 

Une filtration permet de separer les cristaux du filtrat qui 
15 peut e~tre recycle ou faire i'objet d'une nouvelle concentration. 

Quatre cristallisations successives dans l'eau, des cristaux 
separes k une concentration ponderale de 60 a 70 % permettent 
d'obtenir des cristaux iegerement jaunfitres que l f analyse revele 
pure St 99 % et dont le point de fusion est voisin de I5i3°C. L'es- 
20 ter tetramethylique obtenu k l T aide du diazomethane z-evele dans 

1'infrarouge les raies indiqu£es ci-dessus. La deshydratation de 
l'isomere obtenu donne un seul monoanhydride (fondant k 2IO°C) . 

Les cristaux obtenus additionnes k une rc§sine alkyle partiei- 
lement est§rifie, renfermant encore des groupes hydroxyles libres, 
25 permet I'obtention de resines solubles dans l'eau, stables dans 
ce milieu et 61ectrodeposables ; la couleur des pigments choisis 
n'est pas modifiee dans la laque par la resine. 

Dans les limites precisees ci-dessus des ecarts par rapport 
aux conditions qui ont £te determinees comme optima les font bais- 
30 sr de quelques "pourcent" le rendement ou, dans une moinare iae- 
sure , sa purete . 

Le me*me procede applique dans les conditions du present exem- 
ple k l'isomere endo et au melange 50/50 des isomeres endo et exo 
donne respect ivement 90 % et 85 % de l'isomere tout cis , le compie- 
35 ment etant un melange des differents autres isomeres en propor- 
tions variables dont la separation n'a pu etre realisee. 
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HE 7EWDICATIQNS 

1) Procede de preparation de i'acide cyclopentanetetracarboxylique 
pax oxydation k l'aide d'acide nitrique k une concentration ponde- 
rale dans le milieu r^actionnei de 50 k 70 %, de i'acide norbor- 

5 nexie-5 dicarboxylique-2 ,3 , i'acide etant pris dans un rapport 

molaire sur 1* anhydride compris entre 8 et 18 et la dur£e de reac- 
tion etant compris entre 2 et 5 heures, caracterise en ce que 
dans ie but d'obtenir l'isomere de I'acide cyclopentanetetracarbo- 
xylique fondant k 158 °C environ , 1 ■ anhydride soumis k l f oxydation 
IO est l'isomere exo. 

2) Procede de preparation de I'acide cyclopentanetetracarboxylique 
selon I, caracterise en ce que la temperature du milieu reaction- 
nel portee entre 60 et 70°C en debut de reaction, est maintenue 
ensuite k 60°C environ. 

15 3) Procede de preparation de I'acide cyclopentanetetracarboxyli- 
que selon I, caracterise en ce que le rapport molaire de I'acide 
nitrique sur i'anhydride norbornene-5, dicarboxylique-2 ,3 est 
fixe> entre 10 et 16. 
4) Procede de preparation de I'acide cyclopentanetetracarboxylique 
selon I, caracterise en ce que I'anhydride norbornene-5 dicarbo- 
xylique-2 ,3 contient plus de 97 % de l'isomere exo. 



20 
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